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Description 

^ The Resent invention relates to Uposome encapsulated taxcrt and a method of using the sarne. 
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Disclosure of the Invention 

[001 2] Accordingly, it is an object of the present invention to provide liposomal-encapsulated taxol, which minimizes 
the above drawbacks. 

5 [0013] It is also an object of the present invention to provide a method for treating cancer in mammals. 

[0014] Further, it is, a particular object of the present invention to provide a method for treating lymphoma, breast, 
ovarian, lung and colon cancer in mammals. 

[0015] Accordingly, the above objects and others are provided by liposomal-encapsulated taxol and antineoplastic 
derivatives thereof. 

10 

Brief Description of the Drawings 
[0016] 

15 Figure 1 illustrates the stability of liposomal taxol at different temperatures. 

Figure 2 illustrates a toxicity evaluation of free and liposomal taxol in normal mice. 
Figure 3 illustrates cytotoxicity of taxol on parent HL 60 leukemia cells. 

20 

Figure 4 illustrates taxol uptake by parent HL 60 cells. 
Figure 5 illustrates cytotoxicity of taxol on HL 60/VCR cells. 
25 Figure 6 illustrates taxol uptake by HL 60A/CR cells. 
Best Mode for Carrying Out the Invention 

[0017] The present invention relates generally to liposome-encapsulated taxol and methods of using the same.. 
30 Generally, any method of using taxol with a conventional therapeutic objective may be practiced in accordance with the 
present invention with surprisingly enhanced results. 

[0018] In part, the present invention provides a delivery system for taxol to a mammalian host which is character- 
ized by 1) avoidance of solubility problems of taxol, 2) improved taxol stability, 3) avoidance of anaphylactoid reactions 
and cardiotoxicity, 4) ability to administer taxol as a bolus or short infusion rather than extended (24-hour) infusion of 
35 free taxol, 5) increased therapeutic efficacy of taxol, and 6) modulation of multidrug resistance in cancer cells. 

[0019] As used herein, the term liposome" means a closed structure composed of lipid bilayers surrounding an 
internal aqueous space. 

[0020] Further, as used herein, the phrase "taxol or an antineoplastic derivative thereof means taxol or any deriv- 
ative of taxol which is or may be used in cancer chemotherapy due to its antineoplastic properties. It is particularly noted 
40 that although taxol is believed to function as an antineoplastic compound by promoting microtubule assembly and sta- 
bilizing tubulin polymers against depolymerization, the derivatives of the present invention are not limited to those which 
function by any particular mechanism. 

[0021] For example, in addition to taxol, derivatives such as taxasm or others mentioned in synthesis and Antican- 
cer Activity of Taxol derivatives D.G.I. Kingston et al, Studies in Organic Chemistry, volume 26, entitled "New Trends in 
45 Natural Products Chemistry" 1986, Atta-ur-Rahman, RW. le Quesue, Eds. (Elvesier, Amsterdam 1986), pp. 219-235 
are explicitly included within the present invention. 

[0022] Generally, in accordance with the present invention, taxol or a derivative thereof is dissolved in a suitable sol- 
vent. As a solvent, any non-polar or slightly polar solvent may be used, such as ethanol, methanol, chloroform or ace- 
tone. Then, cardiolipin is dissolved in a suitable solvent as described for taxol and the solutions are mixed. 

50 [0023] Then, lipid-forming material is dissolved in a suitable solvent, which is generally a low polarity solvent such 
as chloroform, or a non-polar solvent, such as n-hexane. The solvent mixture from above and the solution containing 
the lipid-forming material are mixed, and the solvents are removed to afford a thin, dry film of lipid and drug. 
[0024] Liposomes are then formed by adding saline solution thereto. Thereafter, multi-lamellar liposomes may be 
formed by mixing the liposomes, for example, by vortexing. 

55 [0025] Generally, the liposomes may be neutral, negative or positive liposomes. For example, positive liposomes 
may be formed from a solution containing phosphatidyl choline, cholesterol and staryl amine. Negative liposomes may 
be formed, for example, from solutions containing phosphatidyl choline, cholesterol and phosphatidyl serine. 
[0026] Furthermore, in mixing the saline solution with the thin, dry .film of lipid and drug, any form of dispersion may 
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thetic source as is known to those skilled in the art. 
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Exam ple 1 
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5 o Qtahiiity Studies 
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experiment was terminated at this time. The liposomes with 7% trehalose were frozen at -80°C for 5 months. Intermit- 
tently, the liposomes were thawed and frozen again. This process was repeated several times. At the end of 5 months, 
the liposomes were dialyzed against 7% trehalose solution and the content of taxol in dialyzed liposomes was meas- 
ured by HPLC, and was found to be 93% of the initial concentration of taxol in those liposomes. This experiment dem- 
5 onstrates that taxol liposomes with trehalose as an excipient can be effective means of storing the liposomes frozen and 
be effectively used for clinical and therapeutic application after thawing the liposomes. 

Toxicity Evaluation of Taxol Liposomes 

10 [0041] Male CD2F! mice weighing 22-25 gm were used in this study. Free taxol which is formulated in cremophor 
EL was diluted with saline to provide a concentration of 1 .25 mg/mol. Taxol liposomes were prepared using cardiolipin, 
phosphatidyl choline, and cholesterol. The final taxol concentration in liposomes was 1.25 mg/ml. Ten mice in each 
group were injected with free taxol or liposomal encapsulated taxol at a dose of 25 mg/kg i.v. This is the highest dose 
of free taxol which con be injected into the mice because of the solubility limitations and alcohol content. The same 

15 doses were repeated on mice at day 5 and 9. No further injections could be given in mice which received free taxol 
because of the sclerosis of the vein. As shown in Figure 2 by day 12, three mice in the free taxol group died because 
of toxicity whereas no toxicity or mortality was observed in mice which were injected with taxol encapsulated in lipo- 
somes. 

20 Therapeutic Evaluation of Free Taxol and Liposome Encapsulated Taxol in Mice Bearing L1210 Leukemia 

[0042] The L1210 murine leukemia cancer was propagated in female DBA/2 mice. For therapeutic studies, CD 2 F-|, 
mice were implanted i.p. with IxlO 5 cells of L1210 leukemia and twenty four hours after tumor implantation, they were 
injected with free taxol or taxol encapsulated in liposomes. All the mice received dose of 6 mg/kg i.p. on days 1 to 5. 
25 Tumor bearing control mice were injected with normal saline in a same volume as experimental mice. All injections were 
made at 2% body weight basis. Mice were weighed on days of injection, doses of drugs were calculated on body weight 
basis and the survival time was recorded in days. 

[0043] Table 1 shows the effectiveness of free taxol and taxol encapsulated in liposomes on the survival of mice 
bearing L1210 tumor. Mice when injected with free taxol at a dose of 6 mg/kg i.p. from day 1-5 exhibited a T/C of 1 .35% 
30 (treated vs control). The same dose of taxol when injected as the liposome encapsulated drug produced a T/C of 1 78% 
demonstrating that survival of tumor bearing mice is substantially enhanced when treated with this modality of treat- 
ment. These studies demonstrate that not only the toxicities of taxol are reduced when encapsulated in liposomes but 
this encapsulation also provides a higher therapeutic ratio in tumor bearing mice. 

35 Cytotoxicity Evaluation of Free Taxol and Liposome Encapsulated Taxol on HL-60 Human Leukemia Cells 

[0044] HL-60 promyelocyte leukemia cells were grown in tissue culture in RPM1-1640 medium supplemented with 
10% fetal bovine serum. All cultures were maintained in plastic tissue culture flasks and kept in an incubator at 37°C in 
humidified air containing 5% C0 2 . 

40 [0045] The growth inhibition method was used to determine the cytotoxicity of free taxol and liposomal encapsu- 
lated taxol. For these experiments, IXIO 5 cells in exponential growth phase were plated into 25 cm 2 flasks. They were 
then exposed to varying concentration of free taxol and liposomal taxol for 72 hours at 37°C. Cells were counted in a 
hemocytometer and viability was determined by trypan blue exclusion. The cell survival was compared to the control 
cells and IC 50 (inhibitory concentration for 50% of the cells) values for each drug was determined. As shown in Figure 

45 3, the IC 5 o values for free taxol were 0.0025 jig/ml and the same IC 5 q values for taxol encapsulated in liposomes were 
obtained. These experiments demonstrate that free taxol and liposomal taxol are as equivalent in their effectiveness to 
produce cytotoxicity to the HL-60 leukemia cells. 

Intracellular Accumulation of Free Taxol and Liposome Encapsulated Taxol 

50 

[0046] The cellular content of taxol was determined by high pressure liquid chromatography (HPLC). Briefly, expo- 
nentially growing cells were incubated in 100 mm petri dishes with drug containing medium at 37°C. The cells were 
treated for 1 to 4 hours with either free taxol or liposomal taxol at 10 ug/ml drug concentration, and were then centri- 
fuged and rinsed twice with PBS. The cell pellets were suspended in 0.5 ml of 2% SDS solution and then sonicated for 
55 5 minutes in a cup-horn sonicator. The cell homogenate was extracted with 2 ml of methanol. An aliquot of this solution 
was injected into HPLC for quantitative determination of taxol. As shown in Figure 4, the cellular concentration of drug 
when exposed with free taxol was achieved to a maximum level at 1 hour, the value being 5.18 u.g/10 7 cells. The same 
taxol concentration was observed at 2 and 4 hours of drug exposure. However, with liposomal taxol the cellular dry con- 
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TABLE 



Therapeutic Evaluation of Free Taxol and Liposome Encap- 




sulated 






Taxol Against L1210 Leukemia 




Dose 




% T/C 


6mg/kg 


Free Taxol 135 


135 


6mg/kg 


Lipsomal-encapsulated Taxol 


178 



[0055] Generally, taxol, for example, may be obtained by isolation as a natural product from the bark of the Pacific 
Yew tree. See M.C. Wani et al, J. Amer. Chem. Soc . vol. 93, 2325 (1971). However, taxol or an antineoplastic derivative 
15 thereof may be synthesized in the laboratory. See J.-N. Denis et al, J. Amer. Chem. Soc . vol. 110, pp. 5917-5919 
(1988). 

[0056] Furthermore, taxol and the derivatives thereof in accordance with the present invention may be used to treat 
any form of mammalian cancer, particular those compounds which function by promoting the assembly of microtubules 
and which prohibit the tubulin disassembly process. However, the present compounds are particularly advantageous in 
20 treating mammalian lymphoma, ovarian, breast, lung and colon cancer, more particularly those of humans. 

[0057] In accordance with the present invention, the liposomal-encapsulated taxol or antineoplastic derivatives 
thereof are generally administered intravenously or intraperitoneally to the mammal. Further, the present compound or 
compounds are generally administered in the amount of about 50-250 mg active compound/m 2 of mammalian host sur- 
face area. 

25 [0058] For a human, for example, of about 70 kg body weight, from about 0.5-5.0 mg active compound per kg of 
body weight is administered. Preferably, about 1 .0-3.0 mg of active compound per kg of body weight is administered. 
[0059] Thus, the present invention also provides methods of treating various mammalian cancers, particularly 
human cancers. 

[0060] Moreover, the. present invention also provides a method of modulating multidrug resistance in cancer cells 
30 which are subjected to chemotherapy. In accordance with this aspect of the present invention, it has been discovered 
that by using the liposomal compositions of the present invention, it is possible to reduce the tendency of cancer cells 
subjected to chemotherapy to develop resistance to the chemotherapeutic agents used for chemotherapy. 
[0061] In particular, the present liposomal compositions not only reduce the tendency of cancer cells subjected to 
chemotherapy with taxol and derivatives thereof to develop resistance thereto, but the present compositions also 
35 reduce the tendency of cancer cells to develop resistance to other agents used for chemotherapy, such as anthracycline 
glycosides, for example. 

[0062] Furthermore, in accordance with the present invention, it has been discovered that the present liposome 
compositions can be administered intravenously or intraperitoneally to an isolated portion of a mammalian body partic- 
ularly a human body, such as an arm or leg, or in the case of a human, a hand. Then, that portion of the mammalian 

40 body may be subjected to a hyperthermia treatment. Hyperthermia treatments are well known to those in the art. Quite 
surprisingly, it has been discovered that upon effecting hyperthermia treatment the administered liposomes melt to pro- 
vide a highly localized dosage of taxol or derivative thereof. Of course, the dosage administered will depend upon the 
body weight of the mammal being treated and the judgment of the treating physician. In accordance with this aspect of 
the present invention, the hyperthermia treatment may be administered before, contemporaneously or after administra- 

45 tion of the active ingredient or ingredients, and the liposomes may either be administered locally or generally throughout 
the body. 

Claims 

so 1. A liposome comprising a liposome-forming material, cardiolipin and taxol. 

2. The liposome of claim 1 , wherein said liposome-forming material is at least one of the lipids selected from the group 
consisting of phosphatidyl choline, cholesterol and phosphatidyl serine. 

55 3. The liposome of claim 1, wherein said cardiolipin is selected from the group consisting of natural cardiolipin and 
synthetic cardiolipin. 

4. The liposome of claim 1 , wherein said liposome bears a negative charge, a positive charge or is neutral. 
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a 5 et un excipient pharmaceutiquement acceptable. 

7. Utilisation de la composition pharmaceutique seion la revendication 6 dans la fabrication d'un medicament pour ie 
traitement d'une maladie choisie dans le groupe constitu6 par les lymphomes, le cancer du poumon, le cancer du 

5 colon, le cancer des ovaires et le cancer du sein chez un mammifere. 

8. Utilisation selon la revendication 7, dans laqueile une hyperthermic localisee est induite dans les tissus canc&reux 
dudit mammifere en meme temps que Tad ministration dudit medicament ou aprds celle-ci. 

w 9. Utilisation selon la revendication 7 ou la revendication 8, dans laqueile ledit mammifere est un humain. 
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